                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    information system. 
Geospat Health 3:113-124. 

Weibel D, Richard V, Bechir M, Hattendorf J, Bonfoh B, Schelling E and Zinsstag J (2011) 
Towards integrated animal and human demographic surveillance: Under five mortality and 
total fertility rate estimates in mobile pastoral communities of Chad. EcoHealth (Editorial 
note: Special Feature Companion Paper). 



Knowledge for Global Development 

111 



Yosko 1. 1999. For a pastoral code in Chad. Contribution in the 3 th Agro-Sylvo-Pastoral days. 
CNAR:111-115. 



Zinsstag, J., E. Schelling, S. Daoud, J. Schierle, P. Hofmann, C. Diguimbaye, D. M. Daugla, G. 
Ndoutamia, L. Knopf, P. Vounatsou, and M. Tanner. 2002. Serum retinol of Chadian 
nomadic pastoralist women in relation to their livestocks' milk retinol and beta-carotene 
content. Int.J.Vitam.Nutr.Res. 72, no. 4:221-228. 

ZinsstagJ., E.Schelling, D.Waltner-Toews, and M.Tanner. 2010. "From "one medicine" to 
"one health" and systemic approaches to health and well-being." Prev.Vet.Med. 2010 Sep 10. 
[Epub ahead of print] PubMed PMID: 20832879 

Zoundi J, et Hitimana L. 2008. Livestock and regional market in Sahel and in West Africa: 
Potentiality and challenge. CSAO-OCDE/CDEAO. 



Knowledge for Global Development 

112 



8 



Spirulina: An Effective Dietary Supplement for Malnourished Children in Development 

Country 

TIDJANI A* 1 ., DOUTOUM A A*., AGUID MN 1 ., BECHIR M\ 

1 Faculty of Human Health, University of N'Djamena (FSSH), N'Djamena, Chad. 

2 University Institute of Sciences and Techniques of Abeche (IUSTA), Chad 

3 National Nutrition and Food Technology Centre (CNNTA), Ministry of Public Health, Chad 

ABSTRACT 

A food ways of improving nutritional status is the use of spirulina. It is a micro algae rich in 
protein, vitamins, minerals and trace elements. The food is abundant in the lakes of Chad. 
However, many consumers are unaware of the existence and importance of this commodity 
used in many countries as a solution to the above child malnutrition. Food security is an 
important determinant in the development process. In countries Roads Development (PVD), 
millions of people suffer from chronic malnutrition and micronutrient deficiencies are a real 
public health problem with significant economic consequences. Nutrient deficiency in food 
rations causes serious diseases. In many developing countries, child malnutrition is evolving 
very differently from one region to another. The results of nutritional surveys are 
particularly disturbing for very young children. Given these conditions, the improvement of 
the nutritional situation could only be achieved by strategies to combat malnutrition. 

KEYWORDS: Spirulina, Production, Consumption, Malnutrition, Chad 

INTRODUCTION 

Spirulina is a small aquatic being (0.3 mm long), old as the world, whose scientific name is 
"Arthrospira platensis" (not to be confused with the marine cyanobacterium scientifically 
called Spirulina subsalsa), which lives of photosynthesis like plants and thriving naturally in 
saline and alkaline lakes warm regions of the globe (Jourdan, 2006). Spirulina, already 
described by Wittrock and Nordstedt in 1844, was really rediscovered in 1940 in Chad by a 
French botanist named Dangeard (Ely ah, 2003). In Chad, common name of spirulina in Chad 
is "Dihe". This algae has long been used by the "Kanembous" tribe of Chad. These are 
"Kanembou" women who make the harvesting and drying of spirulina. The introduction of 
the mass culture of microalgae at the end of the 1950, spirulina has resurgence in popularity 
for human consumption (Ely ah, 2003). The Spirulina platensis grows naturally in areas of 
Lake Chad and Kanem. The oasis found there, called ouaddis have the distinction of having 
in the center water with high concentration of natron in which develops spirulina. The 
Spirulina grows preferentially in warm water alkaline and rich in nitrogen and phosphorus 
nutrients. Commonly, it is found in brackish and saline lakes in tropical and semi-tropical 
(Castenholz et al., 2001 cited by Charpy et al. 2008). Its thermophilic character and important 
light requirements limit its range to an intertropical band between approximately 35 ° north 
and 35 ° south latitude. Its high ecological plasticity allows the back to nature in both 
alkaline lakes in Africa (Chad, Ethiopia, Tunisia), Latin America (Mexico, Peru), South Asia 
(India, Sri Lanka, Thailand). However, it is much less abundant in North America and 
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Europe (Charpy et ah, 2008). Spirulina has more interesting qualities for food and health for 
both men and animals. It's now grown in large factories in the USA, India, China, Thailand, 
etc. For example, kwarshiorkor children can be recovered by feeding them spirulina per day 
for one month (Jourdan, 2006). 

HISTORY OF SPIRULINA 

The microscopic blue-green algae are the first plants to have appeared on earth there are 
more than three billion years ago. It is believed that the algae, during another billion years, 
until the appearance of the first plant, ensured the photosynthesis on Earth and acting on the 
phenomenon of air regulation. 

Spirulina: from its discovery to the present day: Spirulina was first discovered in 1492 
(logbook Columbus) in Mexico where the Aztecs consumed as dried small cakes called 
green "Tecuitlatl" (Delpeuch et ah, 1975). Spirulina is also called // Dihe ,/ which used as a 
sauce or cake is also used long ago by // Kanembou ,/ of Chad. 

In 1939 Mrs. Creach, pharmacist in Bordeaux found spirulina cakes dried in a market of 
Massakory in Chad. These were used by people sick or after childbirth and also by injuries 
following hunting or wars between rival tribes. Spirulina found on the market under the 
name of "Dihe". It brings back some samples in France for analysis and identification. 
However given the time (2nd World War), the research was stopped after the death of Mrs. 
Creach. 

In 1940 a French algologist identified spirulina and mentions for the first time its food use 
(Dangeard, 1940). It is mainly from 1946 that scientists began to discover its remarkable 
properties of spirulina. From the 1960, publications on spirulina begin to appear. And a 
Belgian botanist J. Leonard, in a trans-Saharan expedition gave a sample of a plant-produced 
his colleague P. Confederate who identified the substance as Spirulina platensis (Leonard, 
1966). In his thesis F. Busson presents his research on spirulina in 1971 (Busson, 1971). 

Moreover, Hubert Durand Chastel and David Maurice society Sosa Texcoco, producer 
carbonates extracted from Lakes Aztec Mexico, and Genevieve Clement of French Petroleum 
Institute discovered that annoying microalgae Lake Texcoco were really excellent food of the 
Aztecs. They began commercial production in 1976, and since the industry Spirulina has 
spread around the world and increased by a few hundred pounds for a production 
estimated in 2001 to approximately 5000 tonnes (Waterlow et ah, 1960) and 8000 tons 
(Charpy et ah, 2008) in 2008. 

In 1959, Max- Yves Brandilly (anthropologist) published in "Science and future" an article on 
the dried cakes. In the early on 1960, the microbiologist Hiroshi Nakamura and Dr. 
Christopher Hills pioneered research on spirulina, observing its benefits themselves. Dr. 
Hills, founder of "University of the Trees" in California, President of the Microalgae 
International Union, has continued to promote the knowledge and consumption of that 
food. 

On 1965, the Belgian botanist J. Leonard who participated in a Belgian-French Saharan 
expedition made state in Chad to the presence of algal blooms in the wadis and the sale of 
green blue cakes, from these algae, in the traditional markets of Fort Lamy (now N'Djamena 
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). Microscopic and chemical analysis of samples of cakes by Leonard and Compere indicated 
that they were formed almost exclusively of the cyanobacterium Arthrospira (called 
Spirulina at that time) and revealed the high protein content and the nutrient richness 
content of this biological food. In 1970 Ripley Fox broadcasts Spirulina in Africa. In 1984 
after Mexico (Lake Tex coconut) and Africa (Lake Chad), China (Cheng Lake hated) 
produces natural and pure spirulina. In 1996 the first international symposium of spirulina 
was held in Cheng hated Lake, Yunnan, China. In 1999-2000, The University Center of 
Biotechnology Algale (Cubia) of Liege (Belgium) and Tractebel Engineering Department 
Consult (Brussels, Belgium) conducted several missions in Chad as part of a prefeasibility 
study for the development of spirulina production. This study aimed to evaluate the 
possibilities to optimize the artisanal and traditional use of spirulina in Chad and to develop 
industrial production. In 2003 there was the birth of the Professional Certificate of local 
initiative specialty "Traditional production of spirulina humanitarian" written and 
validated by an institution of the Ministry of Agriculture and Fisheries, after a consensus of 
professional representatives in France (May 2003) and the Symposium of Microbial Ecology 
"Carry le Rouet" (25-28 May 2003). In 2002 the holding of a conference in Mialet production 
on artisanal spirulina (26-28 June 2002). The first objective is the establishment of an 
experiment that will produce spirulina under greenhouse in littoral areas. Other seminars 
were held in the Embiez Islands (2004), Niger (2006), Togo (2008) and Cameroon (2013). 

ELEMENTS OF THE BIOLOGY OF SPIRULINA 

Origins 

Spirulina is an aquatic organism (0.3 mm long), in a spiral shape and green-blue color. 
Appeared on earth there are over 3.5 million years, it is as old as the world. These 
microorganisms helped transform the original atmosphere of our planet by producing, 
through photosynthesis, producing the oxygen necessary for the evolution of all other forms 
of life. The earliest forms of life on Earth were bacteria, which already existed 3.4 billion 
years ago, and then the cyanobacteria or blue-green algae appeared: Spirulina was born. She 
was able to adapt to all the physico-chemical conditions for the time immemorial until 
today. These first plant cells transformed carbon dioxide into organic matter and cleared the 
oxygen. Often classified as algae, it is not one itself. It is a food, a microorganism which 
belongs to the class Cyanophyceae, that is to say a form of primitive life combining features 
of algae and bacteria, but considered different and both commonly called blue-green algae 
or mucilaginous algae (Anonymous, 2009). 

Taxonomy 

Spirulina belongs to the order of the Nostocales (Oscillatoriales), family of the 
Oscillatoriaceae, genus Oscillatoria and under genus Spirulina or Arthrospira (Charpy et ah, 
2008). Spirulina is a cyanobacteria (formerly designed by the term *blue-green algae* and 
then algae). It therefore belongs to the domain of bacteria and ranks among gram-negative 
bacteria. Cyanobacteria form the bulk of bacteria capable of photosynthesis to produce 
oxygen and may be unicellular or multicellular. 
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Description 



There are two main species: the species Spirulina platensis, a native of Kanem (Chad) and the 
species Spirulina geitleri or maxima, originating from Mexico (Delpeuch et ah, 1975.). 
Spirulina is in the form of multicellular filaments called trichomes, unbranched and may 
under certain conditions be surrounded by a mucilaginous sheath. Its main features are its 
blue-green color and its helical shape, which is constant and which it takes its name. Its 
average length is 250]a when she turns 75 (there may be few turns 1-3 or much more than 
100). The diameter of the coiled filament is about 10]a (sometimes the turns in the center of 
the trichome are closer to the ends and the general shape is that of a pellet, with a smaller 
diameter of the turns to the ends and center). The cell diameter can range from 3.5 to 11 ji. 
However the spirulina has great flexibility related to the conditions of the culture medium 
(Clement, 1975). 

Electron microscopy (Figure 1) .has allowed a better understanding of the structure and 
functioning of cells of cyanobacteria. Indeed, the organization of this cell is the same as that 
of prokaryotes: cell wall is composed of a membrane consisting of four thin layers 
mucopolymeres and polysaccharides without cellulose; there is a lack of core despite the 
presence of nucleic acids not surrounded by a membrane. 




Figure 1: Spirulina seen under the microscope. Source : (ASMH, 2010) 

Life Cycle 

The filament of Spirulina at maturity form specialized cells called necridies. They differ from 
other cells by their biconcave appearance and are treated as separate disks. From these, the 
trichome fragments to give new filaments of 2-4 cells called hormogonia. The hormogonia 
will grow in length by binary division (each cell will give two cells by fission) and take the 
typical helical. Under experimental conditions, the generation time (from one generation) 
Maximum of Spirulina is about 7 hours (Zarrouk, 1966). 

Optimum conditions for the growth of Spirulina 

To develop, Spirulina needs simple minerals such as water, minerals, carbon dioxide and 
oxygen it draws directly in the environment while using sunlight as a source of energy 
through the pigment system. This mode of biomass system is autotrophic picture. Spirulina 
grows in natural environments characterized by brackish water, hot, alkaline and natron of 
the tropics. As a general rule the phosphates, carbonates, nitrites and iron elements are 
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limiting phytoplankton production in aquatic environments. In natural deposits, these are 
provided by watersheds. Spirulina grows in warm water (28-40 ° C) and boasting a high 
luminous intensity. The wind plays an important role by creating an agitation which 
promotes a homogeneous dispersion of Spirulina in the middle, and therefore its exposure 
to light. In the wild, when conditions are optimal, the Spirulina can grow in large quantities 
and then compete with other organizations. During blooms, the consumption of carbonates 
and bicarbonates increases the pH thereby limiting the growth of other microorganisms 
(Elyah,2003). 

Ecology of spirulina 

The development of spirulina, it is in the wild or in a controlled culture requires an 
environment comprising water, an area of suitable temperature, light to provide energy for 
photosynthesis, nutrient balance acid base and favorable pH. Spirulina grows in sodic lakes 
all continents. It can withstand very high salt concentrations. Its growth is optimal at 
concentrations of 22 to 60 g / 1 of salt (litis, 1974). The optimum pH of a thriving culture is 
between 9 and 11. At high pH spirulina are the only practically pushing themselves as 
resistant as alkaline medium (Bussson, 1971). The optimum temperature for growth of 
Spirulina is included between 32°C and 40°C, with a range of 18 ° to 50 ° C. The limiting 
factor for growth is the daytime temperature, which must not drop below 20 ° C (Ripley, 
1983). 

Nutritional 

The protein content of spirulina is high (Table 1). It represents 10-11% of the wet weight, 60 
to 70% of its dry matter (Clement, 1975). This percentage is much higher than that of fish 
(25%), soybeans (35%), powdered milk (35%) and cereals (14%) (Henrikson, 1994). Spirulina 
is rich in nitrogen content and contains twice as soybean, three times more than the meat or 
fish. However, this wealth into perspective given the small amount of spirulina dietary 
supplement used (<10g per day) (Charpy et ah, 2008). 



Table 1: Average percentage of amino acids in Spirulina platensis by different authors and 
Spirulina maxima by Borowitzka, Borowitzka (1988). 



Amino acid | Jacquet 1974 | Clement 1975 b | Fox 1999 | Borowitzka 1988 


Essential amino acids (%) 


Isoleucine 


5,60 


6,40 


5,98 


5,70 


Leucine 


8,00 


9,00 


8,71 


8,70 


Lysine 


4,20 


4,80 


5,28 


5,10 


Methionine 


2,25 


2,60 


2,85 


2,60 


Phenylalanine 


4,40 


4,60 


5,09 


5,00 


Threonine 


4,70 


5,50 


5,58 


5,40 


Tryptophane 


1,00 


1,60 


1,48 


1,50 


Valine 


5,70 


6,90 


7,72 


7,50 


Nonessential amino acids (%) 


Alanine 


7,25 


7,90 


8,24 


7,90 


Arginine 


6,60 


6,70 


7,92 


7,60 


Acide aspartique 


9,30 


9,20 


9,50 


9,10 


Cysteine 


0,95 


0,90 


0,93 


0,90 


Acide glutamique 


NC 


12,90 


13,20 


12,70 


Glycine 


4,80 


5,00 


5,07 


4,80 


Histidine 


1,60 


1,60 


1,50 


1,50 


Proline 


3,60 


3,90 


4,32 


4,10 
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Serine 


5,00 


5,60 


5,46 


5,30 


Tyrosine 


4,30 


4,90 


NC 


4,60 



The total lipid composition (Figure 2) is characterized by a good balance between saturated 
fatty acids and polyunsaturated fatty acids (PUFA). It is divided into two fractions: a 
saponifiable fraction "or fatty acids" (83%) and an unsaponifiable fraction (17%). 




Figure 2: Drying traditional "Dihe" (FAO 2009) 

Carbohydrates represent 13.6 to 25% of the dry matter of spirulina (Falquet and Hurni, 2006; 
Quillet, 1975). In S. platensi As in S. maxim, values of 4.2 to 6% are reported on total nucleic 
acids in the dry matter (Santillan, 1974; AFAA, 1982 cited by Falquet and Hurni, 2006.). 

Note also the exceptional level of vitamin B12 (cobalamin) wihch is by far the most difficult 
to obtain in a meatless diet vitamin because no power plant contains. Determined according 
to the old standard method, spirulina is four times richer than raw liver, long given as the 
best source (Falquet and Hurni, 2006). 



Table 2: Typical percentage composition of the main fatty acids of three species of Spirulina 
by Pascaud et al. 1(993) 



Fatty acids 


Spirulina pacifica 


Spirulina maxima 


Spirulina platensis 


Palmitic (16 :0) 


44,2 


63,0 


25,8 


Palmitoleic (16 :1) omega-6 


4,4 


2,0 


3,8 


Stearic (18 :0) 


Traces 


1,0 


1,7 


Oleic (18 :1) omega-6 


0,4 


4,0 


16,6 


Linoleic (18 :2) omega-6 


24,3 


13,0 


40,1 


Gamma-linoleic (18 :3) omga- 
6 


22,1 


13,0 


40,1 


Alpha-linoleic (18 :3) omega-3 


Traces 


Traces 


Traces 



Among the fat-soluble vitamins, there is a very high p-carotene content. This provitamin A 
represent 80% of total carotenoids (Pierlovisi, 2007), the remainder consisting mainly of 
xanthophylls, cryptoxanthin, and echinenone, zeaxanthin and lutein. Vitamin E has 
antioxidant properties to unsaturated fatty acids and keeps well after drying of Spirulina. It 
was noted in the levels of vitamin E content of Spirulina ranging from 13 (Gomez-Coronado 
et al., 2004) to 120]ig / g (Vincenzini et al., 1979). This highly variable level of vitamins (Table 
3) is probably related to different methods of dosing and different qualities of Spirulina. 
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Table 3: Vitamin content in jug/ g of dry matter of Spirulina by Falquet and Hurni (2006) 
completed with other references to Vitamin E 



Vitamins 


Content 


Water soluble vitamins 


Bl (thiamine) 


35-50 


B2 (riboflavine) 


30-46 


B3 (niacine) 


130 


B5 (pantothenate) 


4,6-25 


B6 (pyridoxine) 


5-8 


B8 (biotine) 


00,5 


B9 (folate) 


0,5 


B12 (cobalamine) 


0,10-0,34° 


C (acide ascorbique) 


Traces 


Fat-soluble vitamins 


Provitamine A (P-carotene) 


700-1700 


Cryptoxanthine 


100 


Vitamine E (alpha-tocopherol) 


120°° ; 50-190°°° ; 13°°°° 



° Excluding nickname vitamin B12 ; 00 Vincenzini et al. (1979) ; 000 Falquet et Hurni (2006) ; 
0000 Gomez-coronado et al. (2004) 



Table 4: Mineral composition of Spirulina grown in jug / g of the dry matter by Falquet & 
Hurni ( 2006) 



Minerals 


Content 


Doses required ° 
(m^jour) 


Calcium 


1300-14000 


1200 


Phosphorus 


6700-9000 


1000 


Magnesium 


2000-2900 


250-350 


Iron 


580-1800 


18 


Zinc 


21-40 


15 


Copper 


8-10 


1,5-3 


Chrome 


2,8 


0,5-2 


Manganese 


25-37 


5 


Sodium 


4500 


500 


Potassium 


6400-15400 


3500 



° Dose required for adult 



Compared to its mineral composition (Figure 4), a large variability was observed in the 
levels. It is explained by the fact that they relate to the natural environment and Spirulina 
cultivated ones. Variability in controlled cultures is much lower. In addition, it is possible to 
increase the mineral content of cultured organisms (Falquet and Hurni, 2006). Natural 
Spirulina rarely have iron contents exceeding 500mg/kg although higher than 1000 mg / kg 
values have been found (Campanella et al., 1999). Spirulina culture can be enriched in iron. 
Zinc is considered as a major in the fight against micronutrient malnutrition (Gibson, 2005). 
Spirulina cultivated generally contains only traces of zinc (21-40]ig / g). These levels are 
insufficient for Spirulina is considered a good source of Zinc. Indeed, the need for Zinc a 
child from 6 months to 3 years is estimated 3103-5103 mg. If the entire Zinc was bioavailable 
dose of 10 g of Spirulina would cover 5 to 10% of these needs. However spirulina can be 
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enriched (Cogne et al., 2002). A Spirulina Biorigin the Azina titrerait 6000|ig Zn / g. Antenna 
Technology developed a simple protocol to enrich Spirulina Zinc (Falquet and Hurni, 2006). 
Mg is an important element for health and its deficiency is common in malnourished 
children (Briend, 1998). Spirulina also contains magnesium, potassium, iodine, and pigments 
such as chlorophyll. 




Figure 3 : Cakes: traditional form of Spirulina (FAO 2009) 



HARVESTING 




DRYNG (24-72H) 



CONSUMPTION 




FINISHED PRODUCT 
FORM OF CAKE 



Figure 4: Diagram of artisanal production of siprulina "Dihe" 
Harvesting, drying and packaging 

It is better to harvest in the morning because the content of spirulina protein is generally 
higher than in the evening, but also for other reasons: excessive heat then need to dry the 
crop as soon as possible (especially if Solar drying if the weather is not assured in the 
afternoon). Under good conditions it is possible to harvest each day sixth to 1/3 of the 
culture. Culture was filtered through two devices, generally superposed. The first consists of 
a fine mesh (300]am mesh around empty) holding Spirulina. Wet biomass is pressed. Fresh 
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Spirulina thus obtained can be consumed directly, or dried for storage. Drying is the only 
sure way to preserve and distribute spirulina without cold chain. Industry spirulina is 
typically dried by "spray" (spray-drying) in a stream of combustion gases at very high 
temperatures but for a very short time. For this, the filaments must first be pulped to break 
their membrane, which is actually the juice of crushed Spirulina is dried. Unless the drying 
gas is very low in oxygen, spray drying is likely to alter the product. Biomass is extruded 
spaghetti so that you can more easily dry. It is dried in dryers, gas or electric. Standard 
water content of Spirulina is dried below 10%. Spirulina usually devoted to marketing 
includes 7% water. Drying in an oven to 60 °C does not appear to significantly alter the 
properties of Spirulina. Spirulina is then dry milled powder form or flake form and stored in 
an airtight container away from moisture and light. Spirulina can be packaged in bags, 
boxes or bottles in the form of twigs, powder, capsules and tablets. 

PRODUCTION OF SPIRULINA IN CHAD 

Production craft 

Women enter the water and collect the "Dihe" using cups, buckets and basins. After the the 
harvest "Dihe" is directly transferred into bowls sands appointed for the occasion, which 
over time absorb water. After two to three days of drying (Figure 2), the product whose 
thickness can vary from 5 to 8 cm becomes dry and the final product is obtained in the form 
of cakes (Figure 3). 

Traditional production improved 

Women enter the water and collect the "Dihe" using cups and plastic buckets. The "Dihe" 
thus collected was transferred to a 5 mm mesh screen that removes large and medium-sized 
impurities. The product is then recovered in a second mesh screen which retains 600 ]im that 
retains the spirulina and let's move a large part of the water. After this step, the solution is 
recovered and then pressed into a fabric by hand in order to remove much of the water is 
obtained in the form of "Dihe" (form of a ball). The latter is in an extruder. After extrusion 
the "Dihe" is obtained in the form of cake or spaghetti. Spaghetti and cakes are spread on 
trays and then dried in the solar dryers whose upper part is translucent sheets. All four sides 
of the dryer with wire (Figure 5) to avoid contamination by insects. The product becomes 
dry solar dryer after 4 to 5 hours (Figure 6). 




Figure 5: Improved Drying Technology Figure 6: Spirulina improved in 

sachets 



Source : FAO (2009). Source (Aguid, 2010) 
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Figure 7 : Improved process of the Spirulina diagram "Dihe" 



Latest research Studies 

Tests on malnourished children 

In Dakar Senegal, Experimentation with blue-green algae (spirulina) was conducted on 59 
children with protein-energy malnutrition has given a remarkable cure rate of 88.14%. The 
administration of spirulina is easy. The product is also well accepted and well tolerated.. The 
anthropometric evolution (gain of 50 g / day), clinical and laboratory (175% for the 
prealbumin), demonstrates the remarkable nutritional qualities of spirulina (Sail et al., 
1999a). If its cost is competitive, spirulina could be of great interest in the recovery and 
prevention of protein-energy malnutrition. 

Another study entitled "Evaluation of the efficacy of spirulina supplementation of the usual diet of 
children suffering from severe malnutrition (About 56 cases)" was conducted by Habou (2003) in 
Niger. The work involved a sample of 56 patients, severe malnourished aged form 6 to 24 
months these all selected children to the hazards were followed for 14 days. 10 g of spirulina 
daily was added to the usual diet of malnourished children. The results of this study show a 
rapid clinical improvement from the fourth day with a quasi complete amendment to the 7th 
day. As for biological signs, they achieved good progress overall with growth rates of about 
30% for serum protein and albumin, 60% for the prealbumin, 4.5% for hemoglobin and a 
regression leukocytosis of 19.27%. 

A thesis entitled "Comparative study of two diets in the treatment of malnourished children in 
Bangui: Spirulina-sardine versus corn-soy" was defended in 2005 In Bangui (Central Africa 
Republic) (Dupire, 2011). The randomized study of nine set focused on two groups of 75 
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malnourished children. (Especially on kwashiorkor). The first group received 5 g of 
spirulina daily associated with sardine oil, while the other group received 150 g of corn-soya 
blend. For Spirulina sardine group, the recovery time was 38.6 days with a mean weight 
gain of 12.3 g/kg/day, against 50 days and 7.1 g/kg/day for the group corn-soya with a 
significant difference. The regression of clinical signs in the first week of treatment was in 
favor of Spirulina sardine group. The effectiveness of care observed proceeds in much of the 
nutrition education to parents of malnourished children. The study also concludes that in 
terms of sustainability and income generation, spirulina fish is associated with more 
favorable and it would be wise to promote their production and availability in the market at 
a competitive price. 

Another study among people living with HIV still in Bangui, CAR showed that serum 
protein is significantly higher in patients receiving spirulina with lower parallel increase in 
creatinine suggesting that protein intake by Spirulina is significant (Yamani et al., 2009). 

In Chad, A study entitled "Testing of nutritional rehabilitation of children from 6 to 59 months 
spirulina versus Ready-To-Use Therapeutic Food" showed that the administration of spirulina 
was easy, the product was also accepted and well tolerated by children (Nawo, 2013). The 
study was randomized, controlled and double blind. The average duration of treatment was 
29.36 days for spirulina and 37.05 days spirulina for other foods. It focused 300 severely 
malnourished children aged from 6 to 59 months divided into two groups. Spirulina was 
administered at a rate of lOg per day mixed with the family meal in the first group and the 
second group received food (Ready-To-Use Therapeutic Food) depending on the clinical 
state presented by the patient.The results of this study showed a rapid amendment clinics an 
average of 4 days and an average of 10 days in their disappearance in both signs. As for 
biological signs, they achieved good progress overall with growth rates of 21.66% 
(significant increase) for hemoglobin and a decrease of leukocytosis of 41.27% in the first 
group (using spirulina) against 15.51% and 31.81% in the other group (food without 
consuming spirulina). The average weight of children grew by 16.34% to an average of 29.16 
days with spirulina against an increase of 17.80% in an average of 37.05 days on the side of 
other foods.The study concluded that spirulina combined with other foods is effective in 
fighting severe acute malnutrition as well as other ready-to-use therapeutic food. 

Many other authors (Sawadogo et al, 2004. Cruchots 2008; Sguera, 2008) mentioned in their 
work the interest of spirulina for health. According Sail et al. (1999b), the nutritional 
properties of spirulina are a food source that deserves special attention in our developing 
countries which is acute problem of food availability. That is why it is desirable to develop 
the production of spirulina both domestic scale for home consumption at the level of lakes 
and ponds where can easily grow Spirulina for the commercial component. The 
development of Spirulina production should be accompanied by the development of 
processing techniques to artisanal or semi-industrial level, but also the development of 
recipes enriched with Spirulina to benefit vulnerable groups of our country. 

Microbiological quality 

Samples "dihe" analyzed in Chad in 2009 showed mixed results (Aguid, 2010). Compared to 
total bacteria, the extreme value varies from 25 to 3,7.10 5 UFC/ g. The presence of these 
bacteria could be explained by the binding of local conditions and crop drying. When Wu 
and Pond (1981), they found 3.10 4 -6.10 5 UFC/g in the liquid medium. After harvesting and 
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drying, spirulina contained only 10 3 to 10 6 of viable microorganisms per gram. This number 
decreases steadily with storage time mainly due to drying (Wu and Pond, 1981). This 
number could be explained by the binding of local conditions and crop drying, however, a 
high number of viable organisms often come from contamination of raw materials, lack of 
hygiene, of length or temperature at the stage of production storage or combination of these 
factors (Refai, 1981). Coliforms were absent in the samples analyzed. It is the same 
salmonella. Studies on the spirulina produced industrially in the USA and Japan have also 
demonstrated the complete absence of pathogens such as Salmonella, Shigella and 
Staphylococcus in their samples (EFS, 1986). The absence of coliforms in samples confirms 
the good hygienic quality of the raw material (Bourgeois et al., 1991). 

The study counted 10 3 UFC / g of mold in the analyzes. But lower values were obtained in 
the USA and Japan. EFS (1986) concluded that spirulina industrially produced contains less 
than 100 spores per gram of viable fungi. Also, it appears from studies by Vermorrel that the 
microflora associated with spirulina cultures is usually scarce and non-pathogenic. Yeasts 
are absent in the samples. Also the high alkalinity of the culture medium is an excellent 
barrier against most bacterial contamination as well as yeasts (Vermorel et al., 1975). 

CONSUMPTION 

Compared to consumption, it is in the eating habits of "Kanembous" transform the "Dihe" 
in different kinds of sauces: sauce only // Dihe ,/ , sauce // Dihe ,/ with bean, "Dihe" with dried 
fish s and "Dihe" sauce with meat. For other types of sauce, beans, dried fish and meat are 
added to the time of mixing before the final cooking (Sorto, 2003). However, outside the 
tribe "Kanembous" , many consumers in Chad unaware of this important foodstuff used in 
many countries as a solution to especially child malnutrition. Also, a recent clinical study 
conducted in Chad helped administer and test the effectiveness of spirulina in 150 
malnourished children 0-59 months. The children received their usual meal mixed with 10 g 
of spirulina. The study did confirm the effectiveness of spirulina in the treatment of 
malnourished children. An FAO project has introduced improved techniques for harvesting 
and drying "Dihe" which is now used in many households. Another project on the National 
Food Security program is currently being implemented for the certification of spirulina and 
its inclusion in the national protocol for the management of malnourished children in Chad. 
It also appears from the studies (Aguid, 2010) that all the "Dihe improved" Chad has 
acceptable hygienic quality for consumption. 

CONCLUSION 

Despite the significant resources deployed by the international community and individual 
States, the problem of malnutrition continues to arise with acuity in ways of developing. 
Spirulina share his remarkable qualities, ease of culture and safety can be an effective and 
lasting solution to the problems of malnutrition in addition to various nutrition programs. 
Artisanal production is actually of safety concern because of poor harvesting practices and 
drying of Spirulina "Dihe" Chad. However, the pilot project for the development of industry 
of "Dihe" introduced improved harvesting and drying for a healthy consumption of 
spirulina techniques. The bacteriological quality of improved "Dihe" is satisfactory and 
Chadian consumers are beginning to taste. 
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ABSTRACT 

Like vegetable pickles, fish and prawn pickle hasalso gained popularity in the recent 
past.The demand for these types of ready-toserve fishery products is increasing dayby day 
among the non-vegetarian population in our country and throughout the globe.As the 
malnutrition affects one in three people globally and it remains one of the mostserious 
health problems round the globe and Asia contributing 50% of the undernourished 
people.The Food andAgriculture Organization of the United Nations (FAO) estimates that 
22% of India' spopulation is undernourished. By maximising the use of fishery products the 
threat of malnutrition will be reduced .Value added products like fish pickle and prawn 
pickle increase the shelf life with less input and are commonly consumed globally which 
will fulfil the need for consumption of animal protein. 

INTRODUCTION 

Pickles are found across all cultures. The earliest known examples are cucumbers, that are 
known to have been pickled sometime around 2030 BC in Mesopotamia, when inhabitants 
from northern India brought cucumber seeds to the Tigris valley.Pickles are mentioned 
twice in the Bible, were known to the ancient Egyptians (Cleopatra attributed some of her 
beauty to pickles), and Aristotlepraised the healing effects of pickled cucumbers. The 
Romans imported all sorts of foods from the countries they conquered, pickling them for the 
journey in vinegar, oil, brine and sometimes honey. Garum or Liquamen, a fermented, salted 
fish-based condiment was a dietary staple and has been found as far north as the Antonine 
Wall. Not only Europe but, Asia also has a fine history of pickling. For example, the origins 
of the noble Korean kimchi or kimchee (of which more later) has a history that can be traced 
back up to 3000 years. It probably originated in Chinese pickles which were brought into 
Korea and were modified to form several types of kimchi of common raw materials to suit 
the taste of Koreans during the Shilla (654 - 935 AD) and Korea (918 - 1392 AD) 
dynasties.Back in Europe, a pickle crossover occurred when there was a large increase in 
food preservation in the 16th Century owing to the arrival of new foods in 
Europe. Ketchup was an oriental fish brine that arrived via the spice route to Europe and 
eventually to America, where someone finally added sugar to it. Spices were added to these 
pickling sauces to make clever recipes. Soon chutneys, relishes, piccalillis, mustards, and 
ketchups were commonplace. Worcester Sauce was an accident from a forgotten barrel of 
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special relish. It aged for many years in the basement of the Lea &Perrins Chemist 
shop.Notable pickle-lovers from history include: Emperors Julius Caesar and Tiberius, King 
John and Queen Elizabeth I of England, Samuel Pepys, Amerigo Vespucci, George 
Washington, Thomas Jefferson and Napoleon Bonaparte.The English word 'pickle' derives 
from the Middle English pikel, first recorded around 1400 and meaning 'a spicy sauce or 
gravy served with meat or fowl'. This is different to, but obviously related to the Middle 
Dutch source, pekel, meaning a solution, such as spiced brine, for preserving and flavouring 
food. 

Pickling of plant and animal foods is a relatively old method of food preservation. It is 
estimated that the first pickles were produced over 4,000 years ago using cucumbers native 
to India. The ancient Egyptians and Greeks both have written about the use of pickles for 
their nutritive value and healing power. Pickles were a common food during the time of the 
Roman Empire and they soon spread throughout Europe. In America, pickles have always 
been popular. The first travellers to America kept pickles in large supply because they were 
nutritious and did not spoil during the long journeys. It is interesting to note that Amerigo 
Vespucci, America's namesake, was also a pickle salesman. He was the main pickle supplier 
to many ships. The first large-scale commercial production of pickles did not take place until 
1820, when Nicholas Appert began selling pickles in jars. Over the years, the pickle 
production process has become more automated, however the basic pickling methods have 
changed very little since the technology was first developed. 

While there are many different types of pickles, some characteristics are common to all. In 
general, pickled cucumbers are crisp vegetables, which can be described as having a strong, 
biting flavour caused by the vinegar in which they are stored. Different pickle 
manufacturers normally add spices to give their pickles a unique flavour. Dill-flavoured 
pickles are perhaps the most common of all pickles. There are also sweet pickles, which are 
packed with added sugar. These are typically used for making relishes. Kosher pickles were 
pickles that were approved by the Jewish Orthodox Congregations of America, but the word 
kosher is now often used to describe any garlic flavoured pickle. 

Fish or prawns have very limited shelf life and they need to be processed immediately to 
preserve them for a longer period. Making pickle is one such easy method. Fish/prawn 
pickle, if made properly under hygienic conditions adding requisite quantity of salt, spices 
and preservatives, would have shelf life of around 8 to 10 months. Pickles can be made in 
any part of the country. This note concentrates on the North-East region as it has ample 
varieties of fish and the non-vegetarian food is fairly popular in most of the states. 
Manufacturing process is not very complicated and the capital investment is not much. 
Hence a new entrant would not find it difficult to venture into this product line. 

Like any other vegetable or fruit pickle, fish pickle is also enriches and is becoming amongst 
non vegetarians. With addition of salt, spices and preservatives its shelf life is generally 8 to 
10 months. 

How Pickling Works? 

Pickling is necessary to counteract the growth of microorganisms that are always present on 
food. Left unchecked, these can cause spoilage and illness (if eaten). When the acidity of a 
pickled food is high, harmful bacteria like Clostridium botulinum can't grow. 
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Increasing a foodstuff's acidity is the basis of the pickling process. Acid can either be added, 
or produced by natural fermentation processes. Fermentation is the anaerobic or partially 
anaerobic oxidation of carbohydrates by either microorganisms or enzymes (as opposed to 
putrefaction which is the oxidation of proteins). Fermentation can have both positive and 
negative effects. When the fermentation occurs in a controlled way, it yields lactic acid 
which inhibits the growth of undesirable microorganisms. The pickling process is 
biologically complex (and has been studied in detail for only a few economically-important 
pickles), but consists in part of the actions of yeasts from the Saccharomyces family, 
especially S.cerevisiae, which convert carbohydrates to alcohols and bacteria of 
the Lactobacillaceae family which produce enzymes which oxidise the alcohols to lactic and 
acetic acid. 

There are two basic types of pickling: 

• Long, fermentation-based pickling requires a period (up to several weeks) of 'curing' 
at room temperature. During this period, colours and flavours change. Acid is 
produced as lactic acid bacteria grow. Most commonly the bacteria are stimulated by 
the addition of salt, usually in the form of brine. 

• Quick, unfermented pickling made by adding acid (eg, vinegar, tamarind juice). It's 
critical to add enough acid to prevent bacterial growth. 

There is some blurring around the edges. For example, salt is often added to quick pickles 
for flavour, and pickled onions - although 'ready' within a short time - are at their best only 
when they have had a chance for fermentation to 'mature' them. Also, some pickles are 
moved from one medium to another in between pickling proper and storage. This includes 
olives (pickled in lye and salt) and cucumbers (traditionally preserved in brine) which are 
bottled in a vinegar solution. Most commonly available pickle are; 

Indian Pickles 

In India, unripe fruits such as mango, Indian gooseberry, unripe tamarind, lemon, etc. are 
used traditionally. Apart from these various vegetables such as gherkin, bitter gourd, 
carrots, cauliflower, ginger garlic, onion, jackfruit and citron are also pickled. In most cases, 
only one vegetable or unripe fruit is used for pickling. But, occasionally, a mix of two or 
more vegetables or unripe fruits were also made. Generally, pickles made from vegetables 
and unripe fruits are prepared with utmost care so that they cannot spoil and be preserved 
all year long. Non vegetarian pickles are also popular. These pickles are made from chicken, 
fish, prawns and mutton. 

Chinese Pickles 

In Asian countries such as China, pickles are very popular and have also been prepared for 
thousands of years. Chinese picklesinclude vegetables such as cabbage, lettuce, 
yellow tea melon, cucumber, carrots, shallots, etc. These and other vegetables are added 
with sugar and salt and put in vinegar. Apart from vegetables, eggs particularly duck eggs 
are stored by applying salt, earth, hay and other ingredients and sealed to mature for about 
one month. Some pickles include soy sauce for fermentation instead of vinegar and in other 
varieties condiments such as ginger, garlic, chilli, peppercorn, etc. are also added for a hot 
and characteristic flavour. 
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Korean Pickles 



In Korea, Kimchi is a common pickle which is made with fermented spicy cabbage and it 
also includes a wide variety of vegetables including soy beans, fish, oysters and many 
different ingredients are used. Korean pickling process owes its origins to Chinese, but 
unlike the common Chinese cabbage pickles, Korean pickling process has its own variations 
according to the local flavour and available ingredients. Korean pickling process usually 
involves two types, one in which the ingredients along with spicy chilli pastes are 
fermented, while the other involves milder varieties pickled in water. 

Japanese Pickles 

In a similar manner, even the Japanese have their own version of pickles which include 
ingredients such as ginger, gingko nuts, carrots, eggplants, radish, plum, green apricot, 
soybean paste along with parboiled vegetables. 

Fresh Pickles 

On the other hand, instant or fresh pickles known as chutneys are also prepared. These 
instant chutneys are prepared to last only for a couple of days. There is a wide range of 
choice in the preparation of instant pickles. Many vegetables, herbs and condiments are used 
for preparing chutneys. 

Chutneys are very similar to sauces and ketchup that are made in the west. 
Western Pickles 

In the west, pickles are generally made from salted cucumbers, gherkins and various 
vegetables which are soaked in vinegar. Apart from cucumbers and gherkins, fruits such as 
peaches, pears and apples are also pickled. Western pickles generally have flavours of sweet, 
sour and salty. On the other hand, Indian pickles are generally pungent in taste. 

Cucumber pickles can be generally divided into 

Fermented or crock pickles 
Fresh pack or quick process pickles 
Refrigerator pickles 
Freezer pickles 

Each of these pickles is made in different ways. For example, in fermented or crock pickles 
either vinegar is added or the vegetables are preserved in salt brine for several weeks. Salt 
resistant bacteria present in the vegetables help in converting the sugars into lactic acid or 
the acetic acid present in the vinegar accelerates the process of fermentation. This is the 
reason why most cucumber pickles have sour and salt taste. 

Fresh pack or quick pickles on the other hand, are also very popular as they are very easy to 
prepare and are ready to eat. Fresh or quick pickles are not fermented but, heated vinegar 
and salt solution is poured onto the vegetables. Fruit pickles and relishes are also prepared 
in this manner as well. 
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Refrigerated and frozen pickles are prepared in fermentation process. But, instead of storing 
them at room temperature, they are stored in refrigerators and freezers. In these frozen 
pickles, the vegetable slices remain crisp. Other varieties of pickles are ; 

Acid-based Pickles 

The most common liquid for acid pickling is vinegar. This is an impure, dilute solution of 
acetic acid, obtained by the fermentation beyond the alcohol stage of fruit (usually grapes, 
but also apples) or grain (usually barley, malt or rice). Examples of vinegar-based pickles 
include: 

• Pickled onions (silverskin or other, in malt or white vinegar) 

• Pickled eggs (as found in some British chip shops) 

• Pickled red cabbage (the traditional accompaniment to Lancashire Hotpot) 

• Pickled ginger (those mysterious pink slices found alongside sushi) 

• Italian pickled vegetables (a crunchy mixture of - usually - onions, carrots, 
cauliflower and sliced gherkins) 

• Rollmop herrings (good for hangovers!) 

• Pickled pigs' feet ('soul food' of the American south) 

• Pickled sausages (eaten in Poland and the Czech Republic) 

• Pickled beetroot (gak!) 

Dry-salted Pickles 

Salt has two effects when added to fruit or vegetables. Firstly it draws water from them by 
the process of osmosis. Secondly, the salt in the resultant brine triggers the fermentation 
process of the lactic bacteria. The resultant fermentation tends to be bacteriologically 
complex and delivers a particularly rich range of complex flavours. In Europe and North 
America, the most common dry-cured pickle is sauerkraut (or choucroute, if you prefer), a 
pickled, white cabbage. 

Dry salted pickled limes and lemons are also popular in many parts of Asia, and are an 
essential ingredient of Moroccan food. The lemons can be either dry-salted or brined and 
may be dried afterwards. 

In Japan, plums are dry-salted to make umeboshi - a mouth-puckering delight often eaten 
for breakfast. A related product (preserved plums) can be found in some Chinese 
supermarkets. Dried and with added sugar and liquorice, they are intended as sweets. 

Brine-based Pickles 

Like dry-salting, brine-pickling works by a combination of osmosis and awakening lactic 
fermentation. In practice, many pickles which should traditionally be brine-fermented 
include vinegar at varying proportions in their pickling medium. Gherkins and similar small 
cucumbers are traditionally pickled in brine along with other flavourings to yield the 
various species of what Americans know simply as 'pickles' (eg, dill pickles, kosher pickles, 
Polish pickles). 
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It seems very likely that the art of cucumber-pickling was carried to Europe by the Jewish 
Diaspora, since the many brine-pickled vegetables found in Middle Eastern cuisines 
represent the pinnacle of brine pickling. Almost any vegetable is pickled here, from 
aubergines to chillies to garlic to okra to green beans. Pickles are an essential 
accompaniment to any Middle Eastern meal. Of particular note are pickled turnips, which 
turn a delightfully vivid, almost artificial-looking shade of pink. 

Fermentation and Pickles 

In addition to the basic process of acidulation, fermentation yields other products which add 
additional flavours, and this is why properly pickled vegetables taste so much better than 
just vegetables dunked in acid. Aromatic esters, for example, provide much of the 
characteristic taste ofsauerkraut. 

However, the acme is surely kimchi, a wondrous Korean pickle. This can be made from 
various vegetables, and can be brine pickled or dry-salted. The most common variety 
involves Chinese cabbage. Kimchis are generally heavily laced with chillies and sometimes 
other flavourings (garlic, spring onions, ginger, fish sauce). Microbiology contributes many 
wonderful flavours to kimchi as well as a whole range of health-giving compounds. 
Although kimchi is repulsive to many at first tasting, the acquisition of a taste for it will 
enhance your life. Bejaysus, it's good! Most Koreans eat kimchidaily, and often about three 
varieties will be served with every meal - including breakfast. It is big business and 
consequently has been studied extensively: there are whole journals devoted to 'kimchi 
science'. 

Lye Pickling 

Lye is an alkali (a mixture of sodium and potassium hydroxides) traditionally obtained by 
leaching wood ashes. We have to be a little cautious with regard to the role of lye in 
pickling. Firstly, it does not, being alkali, contribute to the pickling process per se, but to the 
breaking down of food matter as an aid or adjunct to pickling. 

The exception is the noble olive, which has been eaten for thousands of years and is a staple 
of the Mediterranean and Middle Eastern diets. Olives cannot be eaten in their raw state and 
require pickling to render them digestible. Before pickling, they require treatment with lye 
to remove substances which would be toxic to the fermentation bacteria (black olives also 
require pre-soaking in brine to allow the lye to penetrate). Once pickled, olives are packaged 
in various forms, with the addition of various herbs and spices, in brine, vinegar, oil or dried 
and salted. 

Turning to the less desirable lye products. Okay, admittedly many Chinese people swear by 
'thousand-year-old eggs. These are not, in fact, ancient eggs. They are made by coating duck 
or chicken eggs in a paste of clay, wood ash, tea, lime and salt, then burying them - 
separated by rice straw to stop them sticking together - for a mere 100 days or so. The 
resultant egg, once you have washed off the foul-smelling gunk and peeled and sliced it, has 
a grey-green yolk and a dark, translucent, bottle green 'white'. They are eaten in wedges 
with a dipping sauce or with more sensible pickles. Their flavour has been inaccurately 
described as 'cheese-like'. On putting a piece in one's mouth, one first notices a not too 
unpleasant egginess, which quickly builds up until one's whole being is permeated by a 
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powerful, nauseating, tangy, sulphurosity. They are also found in the centre of a peculiar 
variety of sweet bun. Nevertheless, they have their aficionados. 

Lutefisk is another kettle of fish. A Norwegian delicacy, it is a piece of dried, salted cod that 
has been soaked in a bucket of lye for several days. The lye breaks down the fish to achieve a 
gelatinous consistency. To eat lutefisk is a badge of national pride amongst Norwegians - 
but even they do not pretend that one has to actually like it! Lutefisk is traditionally 
accompanied by mashed potatoes, a species of pease pudding, grease and bacon. More 
importantly, akvavit is deemed essential to the consumption of lutefisk. One must drink in 
preparation. There is also surstroming- a Swedish pickled, canned herring - dealt with in 
much the same way, but with tiny new potatoes rather than mash. Still, it could be worse. In 
Iceland they bury sharks for several months before eating them. 

Pickles in Sugar 

Fruits are sometimes first pickled (usually in vinegar) before being stored in a syrup or 
honey. Pickled peaches are a traditional American dish. Alternately, a sweet-sour syrup is 
often made by adding sugar to vinegar. Examples of pickling by this method include 
watermelon rinds (another tradition of the US south), mostarda di Cremona (an Italian pickle 
of mixed fruit and mustard seeds) and pickled walnuts (a British tradition). Such pickles are 
normally served as accompaniments to savoury meats or cheeses. 

Oily Pickles 

Oil finds its way into pickles too. Italian antipasti include aubergines and various species of 
mushroom which are brine-pickled before storage in olive oil. Mustard oil and other 
vegetable oils are added to dry salted fruit and vegetables (limes, mangoes, tinda, karandas, 
chillies, aubergines) along with spices to form various Indian pickles. 

Pickle Flavourings 

In many cases, additional flavouring items are added to the brine or vinegar medium to 
enhance the general tastiness of the pickle. For example, British pickled onions (but not the 
silverskin variety, for some reason) are commonly flavoured with various combinations of 
coriander seeds, cinnamon, bay, cloves and mace (pre-spiced vinegar can be bought for 
home pickling). Dill is the norm in European and American pickled cucumbers (they are 
often known as 'dill pickles') and any number of things are added to olives (lemons, oranges, 
coriander, chilli, garlic, anchovies, wine). 

Market potential 

Demand and Supply: 

Pickles have become an important ingredient of the Indian diet and they are prepared 
from many fruits and vegetables across the country. They are table enriches and are 
consumed along with main course as well as many snacks. Pickle made from fish or 
prawn would also fall in the same category. But its consumption would be limited only 
to non-vegetarians. 
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Marketing Strategy 



There are very few national brands and bulk of the market is controlled by the local 
manufacturers. Demand for ready to serve fish products is increasing in the North-East. 
Apart from individual households, hostels, restaurants, roadside eateries, canteens etc. 
are bulk consumers. 

Proper placement of products, attractive point of sale publicity and handsome 
commission to retailers shall be the critical aspects. 

Process 

Raw Materials: 

There are six basic types of ingredients used for pickle making. The main bulk food is 
the cucumber. The additional ingredients include acids, flavorings, colorants, 
preservatives, and stabilizers that make up the liquid, or liquor, in which the pickle is 
sold. Many of the ingredients are only available at certain times of the year, so steps 
have to be taken to use fresh materials. 

Undoubtedly, the most important ingredient in pickle manufacturing is the cucumber. 
Special seeds are used to produce cucumbers that are straight, thin skinned, have a 
predictable number of warts, and are properly sized. These characteristics are important for 
uniform pickle manufacturing. Technically, pickles can actually be made using all kinds of 
foods such as onions, peppers, olives, pears, peaches, and even fish and meat. These are 
usually referred to as pickled foods to indicate the type of processing required to make 
them. 

Acetic acid (vinegar) is the primary ingredient used in pickle manufacturing. After water, it 
makes up the bulk of the pickle liquor and contributes significantly to the flavour of the 
pickle giving it a sour taste. Additionally, it also has a preservative effect and is nontoxic. 
Vinegar is derived from naturally occurring sugars or starches through a two-step 
fermentation process. Starch is converted to sugar, which is then yeast fermented to form 
alcohol. The alcohol is exposed to an acetobacteria, which converts it to vinegar. Vinegar can 
be obtained from many sources and each one has a slightly different taste. Therefore, 
depending on its source, the vinegar can have a significant effect on the taste of the final 
pickle product. 

Other ingredients, which impact the final taste of the pickles, are added to the liquor. Sugar 
is used to provide a sweetness to offset the sour taste of the vinegar. It also helps to make 
pickles more plump and firm. Artificial sweeteners like aspartame and saccharine can be 
used for a similar effect without increasing the calories. Salt is added for flavour and it also 
has an added preservative effect. Pure granulated salt is typically used since it is devoid of 
anti-caking ingredients that could make the liquor cloudy. 

Organic acids and salt(sodium chloride) are the primary preservative for most type of 
pickles.Acetic acid (or vinegar) is the usual acid added to pasteurized, unfermented (fresh- 
pack) pickles. Vinegar also is added to many products made from fermented (salt stock) 
cucumbers. Other preservatives such as sodium benzoate, potassium sorbate, and sulphur 
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dioxide may be added to finished products. Under Rule of the PFA Rules 1955, preservative 
have been classified into class I and class II preservative. Class I preservatives belongs to 
following four distanct taste groups. 



i. Saltish- common salt 

ii. Sweet- sucrose, dextrose, glucose and honey. 

iii. Pungent- spices , vinegar (natural as well as synthetic) 

iv. Oily- only edible vegetable oils.Other fats like milk fat, animal fat oils 
have not been suited. 

Class II preservative are, 

i. Benzoic acid including salts thereof, 

ii. Sulphurous acid including salts thereof, 

iii. Nitrates/ nitrite of Na/K, 

iv. Sorbic acid including its Na/K/ Ca salts, 



Dill weed is the most common type of aromatic spice and is used to make all forms of dill 
pickles. Other aromatic spices include allspice, cassia, cinnamon, cloves, fennel, fenugreek, 
and nutmeg. For more potent pickles, hot spices such as capsicum, black pepper, ginger, and 
mustard are used. Herbs like basil, marjoram, mint tarragon, and thyme are also used to 
give pickles a unique taste. Flavourful vegetables including onions and garlic are often 
included in a pickle liquor. Typically, the pickle manufacturer has a standard spice mix 
made for each type of pickle they manufacture. 

Some additional ingredients may be added to ensure the pickles meet standards set by the 
manufacturer. In general, pickles do not require any colorants because their natural color is 
acceptable. However, to create a standardized product and overcome the effects of processes 
such as bleaching, manufacturers often add color. Two common types of colorants are 
turmeric caramel and chlorophyll. The caramel provides a slightly brown to yellow color 
and chlorophyll gives a green color. To inhibit color changes in pickles, sulfur dioxide is 
added. Firming agents such as lime and alum may also be added. These materials help make 
pickles crispier without significantly impacting the flavour. Surfactants such as polysorbate 
are also used to couple ingredients in the liquor solution. 



Ingredients: 



Fresh peeled prawns 

Garlic 

Ginger 

Green chillies 

Chilli powder 

Cumin seeds 

Mustard 

Asafoetida 

Fenugreek 

Garammasala 

Turmeric powder 

Curry leaves 

Vinegar 

Salt 

Citric acid 
Sodium benzoate 
Refined sunflower oil 



1000 g 
100 g 
100 g 
80 g 
80 g 
25 g 
25 g 
15 g 
10 g 
10 g 
10 g 



300 ml 
80 g 

0.5 g 
400 ml 
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Preparation of prawn pickle 



Fresh prawns are peeled and washed and then blanched in 6% salt solution containing 
0.02% O citric acid at 100°C for around 15 minutes and then drained and cooled. 
Cleaned fresh garlic and green chillies are cut longitudinally whereas fresh lemons are 
cut into 8-10 pieces. Asafoetida is ground and mixed with water or vinegar. Then edible 
oil is heated to around 200°C and mustard is fried into it. Subsequently, garlic, green 
chillies and lemon pieces are mixed with oil one after another and are stirred. Then salt, 
ginger pieces and asafoetida Solution is mixed. Finally vinegar is added and when there 
is a separation of liquid portion, blanched prawns are added slowly and mixed well. 
After heating the mixture at 100°C for about 3 minutes, it is cooled down to around 60°C 
and then preservatives are mixed. On cooling, prawn pickle is packed in air tight 
bottles. 

Peeled prawns and deheaded 

i 

Add little salt, turmeric powder and Washing 

i 

Fry prawns in hot oil up to they attain golden brown colour 

i 

Mince the garlic, ginger, green chilli, in to paste 

i 

Fry and powder the fenugreek, cumin seeds, mustard, 
and asafoetida. 

i 

Mixing 

I 

Addition of curry leaves and little sugar in hot oil 

I 

Addition of all pastes and fallowed by the powders 
and fry until the odour comes. 

i 

Add vinegar and salt 

4 ^ 

Add turmeric powder, chilli powder and garam masala. 

i 

Add citric acid and sodium benzoate 

4 

Add fried meat to gravy and mix properly 

i 

Cooling 

i 

Bottles and cleaned and sanitised 

4 

Packaging and storing (at room temp). 
Flow chart for Preparation of prawn pickle 
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Preparation of fish pickle: - 



In case of fish pickle also fish is cleaned in water and then cleaned pieces are mixed with 
salt, chilli powder and turmeric for about 2 Hours. Then pieces are fried in edible oil till 
they are brown in colour. Likewise, onion, garlic and ginger is ground in paste form and 
then fried till it becomes light brown. Then vinegar is added along with salt, chilly and 
turmeric powder to the mixture and it is heated till vinegar is absorbed in fish. Then it is 
cooled and ground spices and preservative are mixed and fish pickle is packed in air- 
tight bottles. Weight-loss on cleaning etc. shall be 50-55% which will be, to some extent, 
compensated by addition of other ingredients. Hence, net yield would be 65%. 



Ingredients 



Fresh fish meat 

Garlic 

Ginger 

Green chillies 

Chilli powder 

Cumin seeds 

Mustard 

Asafoetida 

Fenugreek 

Garam masala 

Turmeric powder 

Curry leaves 

Vinegar 

Salt 

Citric acid 
Sodium benzoate 
Refined sunflower oil 



1000 g 

120 g 

120 g 
80 g 
80 g 
25 g 
25 g 
15 g 
10 g 
10 g 
10 g 
10 g 

300 ml 

80 g 

0.5 g 
400 ml 
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Raw material. 

I 

Washing. 

4 

Removal of fillets and de-skinning. 

i 

Fillets cut into small cubes. 

4 

Fry the cubes in 50% of oil. 

i 

Mince th^garlic, ginger, green chilli, in to paste. 

4 

Fry and powder the fenugreek, cumin seeds, mustard, 
and asafoetida. 

i 

Mixing 

4 

Addition of all pastes and fallowed by the powders 
and fry until the odour comes. 

i 

Add vinegar and salt 

i 

Add turmeric powder, chilli powder and garam masala. 

i 

Add citric acid and sodium benzoate. 

i 

Add fried meat to gravy and mix properly. 

4 

Cooling 

i 

Bottles and cleaned and sanitised. 

4 

Packaging and storing. 
Flow chart for the preparation of fish pickle 

Preparation time: 1 to 2 hrs 

Cooking time : 10 to 30 min 

Packaging: 

After the pickles have adequately fermented, the pickles are then filled without air gaps 
into glass jar/bottles which are sterilised in an autoclave for 10-15 mins, and then dried. 
After filling, close the mouth of jar with lids tightly. Before closing clean the lids with 
vinegar. 
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Storage 



If you follow this basic recipe, you should produce a safe, good quality product. However, 
the fish must be stored under refrigeration (38°F) to provide an added measure of safety. 
This will ensure that food poisoning bacteria will not grow. Refrigerated storage also will 
retard bacterial spoilage, reduce problems with enzymatic softening, and reduce 
discoloration. If refrigeration facilities are limited, do not pickle more fish than you can 
consume. 

Nutritional Benefits 

According to the NSDA, pickles contain moisture, energy, protein, fat, carbohydrates, 
dietary fiber and sugars. The minerals found in this pickle include iron, magnesium, 
phosphorous, potassium, and sodium. This pickle also contains vitamins that include 
vitamin C, thiamin, riboflavin, niacin, vitamin B-6, folate, vitamin B-12, vitamin A, vitamin 
E, vitamin D and vitamin K. 

Health Benefits of Pickles 

Free radical scavenging from the antioxidants 

Pickles can be good source of antioxidants. Antioxidants are those micronutrients which 
help in protecting our body against the attack of free radicals. Free radicals are unstable 
chemicals which are produced during metabolism. These unstable chemicals react with our 
cells and damage our DNA to become stable and in the process create more and more free 
radicals. We can protect ourselves from free radical attack by consuming food with high 
antioxidants. A lot of emphasis these days is put on antioxidants by dieticians and doctors. 

Supply of probiotic or gut-friendly bacteria 

Probiotic bacteria are those friendly bacteria which are present in our digestive system. 
These bacteria actually help us in the digestion of food. Sometimes due to the use of 
antibiotics, along with invading bacteria, these friendly bacteria are also killed. The fall in 
their numbers can cause digestive problems which can be solved by eating pickles made 
without the use of vinegar. Naturally fermented salt pickles encourage the growth of these 
friendly bacteria which will replenish the numbers in our digestive system and restore our 
health. 

Supply of essential minerals and vitamins 

Fresh pickles are interesting and appetizing ways of making children eat their share which 
otherwise are boring for children. Eating freshly made pickles not only taste good but they 
also supply essential vitamins such as vitamin C, A, K folate and minerals like iron, calcium 
and potassium. Vitamins and minerals are vital micronutrients which protect us from 
diseases, help build immunity, bone strengthening, vision protection, curing anemia and 
various other functions. 
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Diabetes control 



Studies have shown that taking vinegar based pickles improves haemoglobin levels in 
diabetic patients, which in turn helps in controlling diabetes. The acetic acid present in 
vinegar has been noted to be responsible for this phenomenon. But, care must be taken to 
avoid the consumption of salted pickles as excess salt increases blood pressure. 

Liver protection 

Apart from benefits such as improved digestion, pickle also has hepatoprotective 
properties. Studies have shown that when amla extracts were administered on lab animals 
with chemical induced hepatotoxicity or liver damage, the damage was reduced 
significantly. 

Reduces ulcers 

Ulcers are internal wounds caused due to failure of mucus membranes and acid interaction 
on tissues. Particularly, gastric ulcers are caused by weakening of mucous membrane and 
due to hyperacidity. Consumption of amla based regularly also helps in reducing ulcers, if 
any. 

Care to be taken while eating pickles 

Almost all the pickles contain high amount of salt in them. Salt is an indispensible ingredient 
in most pickles. It not only adds to the taste, but it helps in preserving the pickle and acts as 
an anti-microbial, keeping away unwanted bacteria, yeast and fungi. But, excess salt 
consumption through pickles can bring in problems of its own. 

Hypertension is one of the major risks of eating excess salt. Hypertension is known to be one 
of the reasons causing stroke and heart attacks, especially in older people. Also hypertension 
increases with increasing age.Apart from the risk of hypertension, Indian pickles may 
contain high quantities of oil which increases the risk of fat and cholesterol development in 
our body. Hence, regular intake of pickles must be reduced and must be limited to 
occasional consumption. 

PFA Specification for pickles 

Pickle means the preparation made from sound, clean, raw or sufficiently mature fruits or 
vegetables or a combination of both free from insect damage of fungus attack preserved in 
salt acid, sugar or any combination of the three. The pickle may contain onion, garlic, ginger, 
sugar, jaggery, edible oils, spices, spice extract or oil of turmeric, pepper, chillies, fenugreek , 
mustardseed or powder, vegetable ingredients, asafoetida, bengal gram, lime juice, lemon 
juice, green chillies, vinegar or acetic acid, dry fruit including raisins and fruits nuts. Pickles 
shall be free from added synthetic Food colours. 
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Combination of pickles may be: 

(i) Pickles in citrus juice or brine: 

The percentage of salt in covering liquid shall not be less than 10 per cent when salt is used 
as major preserving agent. When packed in citrus juice, acidity of the covering liquid shall 
be not less than 1.2 per cent calculated as citric acid. Soluble calcium salt and permitted 
preservatives may be used in soluble calcium salt and permitted preservatives may be used 
in such type of pickles. Pickles shall be free from copper and alum . 

(ii) Pickles in oil. 

The fruit or vegetable percentage in the final product shall not be less than 60 per cent. The 
pickle shall be covered with oil so as to form a layer of not less than 0.5 cm above the 
contents or the percentage of oil in pickle shall be not less than 10 percent.Pickle shall be free 
from copper , alum and mineral acid. It may contain rapeseed (rai) ajwain,saunf,black 
pepper and like spices, etc. Permitted preservatives may be used in Pickles. 

(iii) Pickles in vinegar: 

Pickles in vinegar mean the preparation from sound, clean, raw or sufficiently matured 
fruits or vegetables free from insect damage or fungus attack, which have been cured in 
brine or dry salt or salted and dried stock with or without natural fermentation. It shall 
contain vinegar or acetic acid and the percentage of acid in the fluid portion shall not be less 
than 2 per cent w/w calculated as acetic acid. It may contain sugar, whole or ground or 
semi-ground spices, dried fruits, green and red chillies, ginger, etc. dry fruit. Citric acid may 
also be added in such type of pickles. Spice extract or essences may also be used. The 
drained weight of the product shall not be less than 60 per cent. Pickles shall be free from 
copper, mineral acid, alum synthetic colours and shall show no sign of fermentation. The 
product shall be reasonably free from sediments. Permitted preservativesmay be used in 
pickles. 

CONCLUSION 

According to the latest data on child under nutrition, from 2005-2010, India ranked second 
to last on child underweight out of 129 countries— below Ethiopia, Niger, Nepal, and 
Bangladesh. Developing countries account for 98% of the world's undernourished people. 
Together, China and India alone account for over 42 percent (231 million in India and 123 
million in China) of the chronically hungry people in the developing world. The Food and 
Agriculture Organization of the United Nations (FAO) estimates that 22% of India's 
population is undernourished. So by maximising the use of fishery based products this 
problem can be solved. Prawn and fish pickle is one of the most important value added 
product,it can supply animal protein to humans which is most preferred one & also helps in 
reduction of protein based malnutrition by providing nutrient security directly & food 
security, social development & economic development indirectly. Pickle are being said a 
good source of anti-oxidents will help in protecting body against the attack of free redical. 
Due to addition of preservatives shelf life is increased for several months & small size 
prawns and low value fishes can be utilized for also for making pickle. 
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